Coffee (Coffea spp.) is one of the most important agricultural commodities, being widely consumed in the world. Various beneficial health effects of coffee have been extensively investigated, but data on habitual coffee consumption and its bio-physiological effect have not been clearly explained as well as it is not proved the cause and effect between drinking coffee and its bio-physiological reactions. We made the dialyzed coffee extract (DCE), which is absorbable through gastrointestinal tract, in order to elucidate the cellular effect of whole small coffee molecules. RAW 264.7 cells, a murine macrophage lineage, were directly treated with DCE, i.e., DCE-2.5 (equivalent to 2.5 cups of coffee a day), DCE-5, and DCE-10, for 12 hours, and their protein extracts were examined by immunoprecipitation high performance liquid chromatography (IP-HPLC). RAW 264.7 cells differently expressed the inflammation-related proteins depending on the doses of DCE. RAW 264.7 cells treated with DCE showed marked increase of cathepsin C, cathepsin G, CD20, CD28, CD31, CD68, indicating the activation of innate immunity. Particularly, the macrophage biomarkers, cathepsin G, cathepsin C, CD31, and CD68 were markedly increased after DCE-5 and DCE-10 treatments, and the lymphocyte biomarkers, CD20 and CD28 were consistently increased and became marked after DCE-10 treatment. On the other hand, RAW 264.7 cells treated with DCE showed consistent increase of IL-10, an anti-inflammatory factor, but gradual decreases of different pro-inflammatory proteins including TNFα, COX-2, lysozyme, MMP-2, and MMP-3. In particular, the cellular signaling of inflammation was gradually mitigated by the reduction of TNFα, COX-2, IL-12, and M-CSF, and also the matrix inflammatory reaction was reduced by marked deceases of MMP-2, MMP-3, and lysozyme. These anti-inflammatory expressions were consistently found until DCE-10 treatment. Therefore, it is presumed that DCE may have dynamic effects of innate immunity activation and pro-inflammation suppression on RAW264.7 cells simultaneously. These effects were consistently found in the highest dose of coffee, DCE-10 (equivalent to 10 cups of coffee a day in man), that might imply the small coffee molecules were accumulated in RAW 264.7 cells after DCE-10 treatment and produce synergistic cytokine effects for innate immunity activation and anti-inflammatory reaction concurrently.
Ⅰ. INTRODUCTION
If you have a daily coffee habit, here's somethings for you to know why the coffee consumption is associated with a lower risk of cardiovascular disease, diabetes, neurologic disease such as Parkinson's [1] [2] [3] [4] [5] . As the coffee bean itself is loaded with many different nutrients and phytochemicals, many researchers explained these effects that some compounds in coffee such as lignans, quinides and magnesium may help to reduce insulin resistance and inflammation 6, 7) . However, there has not been clearly proved the cause and effect between drinking coffee and its potential benefits. There are still a lot of unknowns as to what may explain the benefits. For the biological investigation to know the anti-inflammatory mechanism of coffee effects, we performed this study by using the RAW 264.7 cells treated with dialyzed coffee extract (DCE) similar to the previous study 8, 9) . And the protein expression changes of RAW 264.7 cells were assessed depending on the dose of DCE through precision protein expression method, immunoprecipitation high performance chromatography (IP-HPLC).
As the accuracy of IP-HPLC has been improved to detect the protein expression level within 5% error range 10) , the molecular signaling mechanism of DCE effects in RAW 264.7 cells could be assessed and explained in this study.
As we've previously reported, the DCE induced remarkable changes in the expression of proliferation-related proteins in dose dependent manner 9) . This dose dependent modality of DCE in protein expression may be caused by the biochemical properties of DCE elements, including caffeine, chlorogenic acid, etc., which are small organic compounds interacting with various cellular substances. 
Ⅱ. MATERIALS and METHODS

Dialyzed coffee extract (DCE) production and treatment
The coffee beans (Coffea arabica L.) were roasted and treated with hot water to get the ordinary coffee drink, followed by the dialysis using cellulose bag (131492, Spectra/Por, Spectrum, CA, USA) which filtrates small molecules less than 1000 Da as done in the previous study 8) .
Different doses of dialyzed coffee extract (DCE) equivalent to 2.5, 5, and 10 cups of coffee (DCE-2.5, DCE-5, and DCE-10, respectively) were separately treated in RAW 264.7 cell culture. . 100 μg of protein extract was applied to each immunoprecipitation procedure using protein A/G agarose column (Amicogen, Korea). The protein A/G agarose columns were separately pre-incubated with 1μg of each 33 different antisera (Table 1) . Briefly, the protein samples were mixed with 5 mL binding buffer (150 mM NaCl, 10 mM Tris the experimental and control groups were plotted, and the analysis was repeated two to six times until mean errors were ≤±5%. Results were analyzed using the Chi-squared test 12) .
The expressions of cytoplasmic control proteins, i.e., β -actin, α-tubulin, and GAPDH were relatively unchanged (≤ 5%) by DCE-2.5, 5, or 10 treatment. Protein expression changes were defined as non-significant for a change of evaluated as ≤±5%, slight for ±5-10 %, marked for ±10-20%, and great for ≥±20%.
124 respectively, plotted with same data. The cellular inflammatory protein expressions were gradually decreased by DCE treatments, while an anti-inflammatory factor, IL-10 was consistently increased. B1 and B2: A bar and line graphs, respectively, plotted with same data. The matrix inflammatory protein expressions were consistently decreased by DCE treatments, while the expression of MMP-9 was markedly increased by DCE-2.5 treatment but reduced by DCE-5 and DCE-10 treatments.
1-antitrypsin, and LL-37, were markedly expressed in DCE-5 treatment, but their expressions became lesser in DCE-10 treatment. Particularly, the cathepsin G, a macrophage maturation factor, was overexpressed in the cells treated with DCE-5 and DCE-10, and the expression of macrophage protecting factor, α1-antitrypsin, was slightly increased by the DCE treatments (Fig. 1A) .
The expressions of lymphocyte biomarkers, i.e., CD3, CD20, CD28, CD34, CD40, CD54, CD56, and IL-12, were consistently increased by the DCE treatments. Among them, a T cell stimulating factor, IL-12 was overexpressed by DCE-2.5 treatment, and B and T cell activating factors, CD20
and CD28, respectively, were markedly expressed by DCE-5
and DCE-10 treatments (Fig. 1B) .
The innate immunity-related proteins working at macrophages (cathepsin C, cathepsin G, and CD68) and signaling to lymphocytes (CD3, CD20, CD28, CD34, CD40, CD54, CD56, and IL-12) gradually increased depending on the doses of DCE-2.5, DCE-5, and DCE-10, and became markedly expressed by DCE-10 treatment (Fig. 1) . MMP-9, MMP-10, and lysozyme) were gradually down-regulated depending on the doses of DCE-2.5, DCE-5, and DCE-10, and markedly decreased by DCE-10 treatment (Fig. 2) .
Decrease of pro-inflammatory
Ⅳ. DISCUSSION
In the present study, DCE may have different small molecules including polyphenols, i.e., caffeine, chlorogenic acids, diterpenes (kahweol and cafestol), melanoidins, and trigonelline, low molecular mass arabinogalactan-protein (AGP), and 3-methyl-1,2-cyclopentanedione (3-MCP), which can produce anti-inflammatory effects as identified by many authors [13] [14] [15] [16] . The present study also found the anti- , the present study further explored the DCE-based anti-inflammatory effect in dose-dependent manner. And the result showed that the dose of heavy coffee consumer, DCE-10 (about 10 cups of coffee a day) is continuously able to induce the anti-inflammatory effect both in the cells and the matrices. These findings were indirectly supported by the fact that the long-time heavy coffee consumers were more resistent to the chronic inflammatory diseases, i.e., hepatitis, etc. 18, 19) . It was also known that caffeine and chlorogenic acid are key elements of coffee and induce the anti-inflammatory activity and ventricular remodeling after myocardial ischemia 20, 21) . In the in vitro experiment using lipopolysaccharide (LPS)-stimulated RAW 264.7 cells, caffeine suppressed LPS-induced inflammatory responses by regulating NFkB activation and MAPK phosphorylation [22] [23] [24] .
However, the more precise investigation may be required to elucidate the pharmacological effects of caffeine and chlorogenic acid, which are most abundant in coffee and can be accumulated in the body of heavy coffee consumer. gradually increased depending on the doses of DCE-2.5, DCE-5, and DCE-10, and became markedly expressed by DCE-10 treatment. Therefore, it presumed that DCE was effective to induce the innate immunity affecting both macrophages and lymphocytes. This fact is identical to the previous reports demonstrating many clinical experiences and in vivo and in vitro experiments 13, 15, 25, 26) . However, it is thought that the cellular effect of DCE, innate immunity activation is important for the treatment of debilitating chronic inflammatory diseases, cancers, immuno-deficiency diseases, etc 15, 19, 21, 25, [27] [28] [29] .
In the present study, RAW 264.7 cells derived from murine macrophages were readily responsible to DCE and induced different signaling for cellular innate immunity and anti-inflammatory reaction concurrently. As the increased innate immunity usually counteracts the anti-inflammatory reaction by accelerating the inflammation, the concurrent innate immunity activation and anti-inflammatory effects may be a characteristic pharmacological property of small coffee molecules in DCE. Additionally, these inflammatory reactions of coffee were consistently found after DCE-10 treatment which was equivalent to 10 cups coffee a day common in heavy coffee consumer, therefore, it was presumed that the small coffee molecules were accumulated in RAW 264.7 cells after DCE-10 treatment and produced synergistic cytokine effects for innate immunity activation and anti-inflammatory reaction concurrently.
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